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antipyretic and antiproliferative [8, [9] [10] [11] . In folk medicine, decoction of lichens has been used to treat several ailments, among them are splenomegaly (enlarged spleen), mild inflammation of the oral and pharyngeal mucosa, dyspepsia, colds and fever [12] .
Among the interesting medicinal lichen genera is Usnea, of which some species are used in Traditional Chinese Medicine as antimicrobial agent [13] . The genus Usnea is edible and is utilized in the preparation of traditional foods and medicines in both Eastern and Western countries [14, 15] . Usnea filipendula Stirt. was used in the former Soviet Union for cuts and wounds and in Central Java, Indonesia as one of the components of a unique herbal topical medicament to treat headache, fever, dizziness, hazy vision and eyestrain [16, 17] . In this study, the cytotoxicity and cell death mechanism of Cancer is the second leading cause of noncommunicable disease deaths in 2012 worldwide and new cases of cancer is expected to rise by 70 percent in next two decades [1] . Natural products are playing a rapidly increasing role in the lead-finding of candidates for the development of chemotherapeutic drugs [2, 3] . They offer a valuable source of compounds with a variety of chemical structures with biological activities and provide important prototypes for the development of novel drugs [4, 5] . Some drugs administered to patients today are derived from plants and other natural products such as vinblastine, vincristine, etoposide, paclitaxel, topotecan and irinotecan [6] . Natural products are the most important anticancer agents. Three-quarters of antitumor compounds used in medicine are natural products or related to them. Of the 140 anticancer agents approved since 1940 and available for use, over 60 % can be traced to a natural product [7] .
Recently, lichens which are complex organisms living in symbiotic relationship with fungi, algae and/or cyanobacteria received special interest [8] . Lichens possess several biological properties, which include antimycobacterial, antitumor, antioxidant, cytotoxic, U. filipendula against human colon cancer (HCT-15 and HT-29) cell lines was evaluated.
MATERIALS AND METHODS
U. filipendula was collected from the trunks of Quercus sp. growing on Mount Uludag, Bursa, Turkey in May 2010 and was identified with an aid of flora book [18] .
Extraction of lichen sample:
Air-dried lichen samples were carefully cleansed of extraneous materials and ground into powder. Fifteen grams of the ground material was extracted consecutively by adding 150 ml of solvent methanol (Merck, Darmstadt, Germany) in a Soxhlet extractor for 24 h. After that the extraction was performed with water at same conditions. The crude extracts were concentrated using a rotary evaporator at 40°; thereafter, the residues were lyophilized and stored at -20° until used in the tests. 
Solutions and cell culture:

Sulphorhodamine B (SRB) viability assay:
Cancer cells were seeded in 200 µl culture medium in triplicate at a density of 5×10 3 cells per well of a 96-well plate. Cells were incubated either alone (for controls which include 0.1 % DMSO) or in the presence of UFE for 24, 48, and 72 h. Each experiment was performed as two independent test with three replicated SRB assay relies on the uptake of the negatively charged pink aminoxanthine dye, SRB (Sigma, St. Louis, MO) by basic amino acids in the cells. The greater the number of cells, the greater amount of dye is taken up and, after fixing, when the cells are lysed, the released dye will give a more intense colour and greater absorbance [19] . At the end of the treatment periods (24, 48 , and 72 h), cells were fixed by adding 50 μl of 50 % (w/v) ice-cold trichloroacetic acid (TCA; AppliChem, Germany) to each well and incubated for 1 h at 4°. The cells were stained with 50 μl of SRB solution (0.4 % w/v in 1 % aqueous acetic acid) for 30 min at room temperature after the removal of TCA by washing with deionized water five times. The excess dye was washed out with 1 % (v/v) acetic acid and the plate was subsequently air-dried prior to addition of 10 mM Tris base solution (pH 10, 150 μl) to dissolve the protein-bound dye. After solubilisation by shaking for 10 min at 150 rpm, the absorbance was read by using a spectrophotometer (FLASH Scan S12, Analytik Jena) at 564 nm. All the experiment was repeated twice in triplicate. Cell viability of the treated cells was calculated with reference to the untreated control cells using the following Eqn., viability % = 100×[(sample absorbance)/(control absorbance)].
Adenosine triphosphate (ATP) viability assay:
ATP assay was performed to confirm the results of the SRB assay. The ATP assay is considered more sensitive than the SRB assay [20] . The seeding and treatment conditions, as well as the viability calculation, were similar to those for the SRB assay (see above). At the end of the treatment period (72 h), the ATP content was determined according to the manufacturer's recommendations (ATP Bioluminescence Assay, Sigma, St. Louis, MO, USA). Briefly, ATP was extracted from the cells and then a luciferin-luciferase solution was added. Luminescence was determined in a luminometer (Bio-Tek, USA). The results were expressed in U/l.
Caspase-cleaved cytokeratin 18 (M30) detection:
Apoptosis was assayed by measuring the level of caspase-cleaved cytokeratin 18 (ccK18, M30) by a commercially available immunoassay kit (M30-Apoptosense ELISA kit, Peviva AB, Sweden) according to the manufacturer's instructions. This kit measures the level of the CK18-Asp396 neo-epitope (M30), which is a well-known marker of apoptosis. In a 96-well plate, 5×10 3 cells were seeded per well in 200 µl culture medium in triplicate. Cells were treated for 72 h with 100 µg/ml of lichen extracts. At the end of the treatment period, the cells were lysed with 10 % NP-40 (Sigma-Aldrich) for 10 min on a shaker. The contents of identical wells were pooled and centrifuged at 2000 rpm for 10 s to remove the debris. All samples were placed into wells coated with a mouse monoclonal antibody as a catcher. After washing, a horseradish peroxidase-conjugated antibody (M30 antibody) was used for detection. The absorbance was determined with an ELISA reader at 450 nm (FLASH Scan S12, Eisfeld, Germany).
Fluorescence imaging for apoptosis using Hoechst Annexin-V and propidium iodide (PI):
Translocation of phosphatidylserine (PS) molecules from the inner side to the outside of the cell membrane is one of the earlier events of apoptosis [21, 22] . Annexin-V is able to bind to PS, allowing the apoptotic cells to become visible. However, Annexin-V may also bind to necrotic cells. Therefore, PI is additionally used as a second dye to distinguish apoptotic and necrotic cells from each other. Late apoptotic/necrotic cells are both Annexin-V and PI positive while early apoptotic cells are only Annexin-V positive. Briefly, cancer cells were seeded in a 96-well plate at the density of 5×10 3 cells per well, and then the cells were treated for 12 and 24 h with UFE at the 100, 50, and 25 µg/ml doses. After the treatment, cells were stained with Annexin-V-FITC and PI using the Annexin-V-Fluos kit (Roche Diagnostics GmbH, Mannheim, Germany), according to the recommendation of the company. In addition to this standard protocol, a nucleus-staining fluorescent dye, Hoechst dye 43332 (200 µg/ml, 1:40, AppliChem GmbH, Darmstadt, Germany) was added to the staining solution to also detect apoptosis on the basis of nuclear morphology as an additional analysis to the examination of cell membrane. The cells were then visualized under fluorescence microscope.
Caspase-3/7 activity:
After 72 h of treatment with UFE (25, 50 and 100 µg/ml), human colon (HCT-15 and HT-29) cancer cell lines were analysed for the detection of apoptosis and cell death using Muse caspase-3/7 (cat #MCH100108, Merck Millipore) assay according to the manufacturer's instructions. This kit uses a novel Muse™ caspase-3/7 reagent NucView™ for the detection of caspase-3/7 activity and a cell death dye 7-aminoactinomycin D (7- 
Statistical analysis:
All statistical analyses were performed using the Stat 12 statistical software package for Windows (Serial number: 40120559342). Significance was calculated using one-way analysis of variance (ANOVA) and Tukey post hoc test. A value of p<0.05 was considered statistically significant. The results are expressed as the mean±SD (standard deviation).
RESULTS AND DISCUSSION
Antigrowth effect was assessed on HCT-15 and HT-29 cells lines by SRB assay after 24, 48, and 72 h. Because UFE is most cytotoxic after 72 h of treatment, the more sensitive ATP assay was performed to confirm SRB results ( fig. 1 ). UFE exhibited a dose-dependent but time-independent cytotoxic effect (p<0.05) in both cell lines. Based on the dose-response curve, HCT-15 cells were more sensitive to UFE than HT-29 cells. The IC 50 values (50 % inhibitory concentration) calculated using the ATP assay results on HCT-15 and HT-29 cells were 17.92 µg/ml and 41.87 µg/ml, respectively.
The mode of cell death was investigated by assessing the level of soluble caspase-cleaved cytokeratin 18 (ccCK18, M30) fragments at various concentrations (25, 50 and 100 µg/ml) of UFE after 72 h of treatment. M30 is a well-known marker of apoptosis. HCT-15 cells had statistically insignificant increase of M30 levels compared to the negative control in all doses. However, M30 antigen levels were significantly increased in HT-29 cells treated with 100, 50 and 25 µg/ml UFE ( fig. 2 ).
The translocation of PS from cytoplasmic surface to the outer cell membrane occurs in the early stage of apoptosis [22] . The translocation of this membrane protein was assessed using a fluorescent dye Annexin-V, which gives a non-quantitative probe to detect apoptotic cells. Because ATP assay results showed potent cytotoxicity of UFE at 25, 50 and 100 µg/ml against cell lines, the morphology of these cells treated with these concentrations were further evaluated. Late apoptosis or secondary necrosis was observed in HCT-15 cells after 12 and 24 h treatment with UFE ( fig. 3 ). Both early and late apoptosis were observed in HT-29 cells after 12 and 24 h of treatment with UFE ( fig. 4 ). Cell nuclear morphology was also examined using Hoechst 33342 nucleic acid stain. Cells treated with UFE resulted to shrinkage of nucleus and condensation of chromatin, both are hallmarks of apoptosis ( fig. 5 ).
Caspase 3 and 7 are effector caspases that direct cellular breakdown through cleavage of structural proteins. A total of 53 % of HCT-15 cells (Q2+Q4) treated with 100 µg/ml UFE were apoptotic whereas in other doses (50 and 25 µg/ml UFE), only less than 10 % of the cell population was apoptotic ( fig. 6A ). HT-29 cells did not show significant increase of caspase-3/7 activity in all doses compare to control group (fig. 6B ).
The search for novel agents is still a priority goal for cancer therapy due to the rapid development of resistance to chemotherapeutic drugs [23] . The high toxicity usually associated with some chemotherapy drugs and their undesirable side effects demand for new drugs that are both cytotoxic to cancer cells and less toxic to normal cells. Natural products, in this aspect, play an important role and as such, a substantial number of anticancer agents used in the clinic are either natural or derived from natural products from various sources [24, 25] . U. filipendula has been reported to have cytotoxic activity by inducing apoptosis-like cell death and DNA damage in human lung cancer (A549, PC3), liver cancer (Hep3B), and rat glioma (C6) cells [26] . Our group has previously reported the cytotoxic effect of U. filipendula in breast cancer (MCF-7 and MDA-MB-231) cells also by inducing apoptosis through cleavage of PARP and induction of caspase-3 [27] . In this study, U. filipendula potential dose-dependent antiproliferative effect in human colon cancer cells was demonstrated. HCT-15 cells were more sensitive to UFE than HT-29 cells as seen by IC 50 values and the dose-response curve. The genotypic differences [28] in cells might be the cause of this result. In addition, the HT-29 cells have highly expressed stem cell markers [29, 30] so HT-29 cells found to be resistance of UFE than HCT-15.
The antiproliferative effect of UFE may be due to its secondary metabolites. Usnic acid is the prominent secondary metabolite of Usnea lichen species [31] . Several studies have reported cytotoxicity of usnic acid on various cancer cell lines [32] [33] [34] [35] . Usnic acid induces loss of mitochondrial membrane potential along with caspase-3 activation and Annexin V staining in colon cancer HT-29 cells [36] . Increased caspase-3/7 activity and subdiploid nucleus formation were also observed in human hematoma HepG2 cells treated with usnic acid [37] .
The mode of cell death was determined biochemically by measuring the levels of caspase-cleaved cytokeratin 18 (M30). It was found that M30 level was significantly increased in HT-29 cells but not in HCT-15 cells. However, morphological examination of HCT-15 and HT-29 cells by fluorescence microscopy has shown both early and late apoptosis as provided by the translocation of PS to the outer leaflet of the lipid bilayer, loss of membrane integrity, pyknotic nuclei and chromatin condensation. There was no increment of M30 level in HCT-15 cells might be due to the lower expression of CK18 in the cells or apoptosis being no cleaved of CK18 occurring in cells. Thus, M30 assay results should be interpreted cautiously as it may give a false negative result for apoptosis [38] . Caspase-dependency of UFE-induced apoptosis was also investigated. Caspase-3 and caspase-7 are major executioner caspases that are both activated universally during apoptosis irrespective of the specific deathinitiating stimulus [39] . This investigation suggested that UFE induced activation of caspase-3 and caspase-7 in HCT-15 cells but not in HT-29 cells at high doses.
The fluorescence staining results indicated greater presence of Annexin V staining in HCT-15 cells at highest doses in time-dependent manner. In HT-29 cells, the caspase-cleaved cytokeratin 18 level was increased, but very low activity of caspase 3 and 7 was observed after cytofluorimetric analysis. It is possible that other caspases orchestrate the apoptotic program in HT-29 cells.
The present study showed that U. filipendula Stirt is cytotoxic to human colon cancer cells and to other cancer cells as previously reported. Because of its cytotoxic effect on several types of cancer cells, advanced in vivo and in vitro studies are required to fully understand the anticancer potential of this species.
